Introduction
============

Hypertension is a key risk factor for cardiovascular (CV) diseases and it should be strictly controlled in patients after acute myocardial infarction (AMI) who are at very high CV risk.[@b1-tcrm-14-1185] For all patients with hypertension, European Society of Cardiology guidelines recommend lifestyle measures, including weight control, increased physical activity, alcohol moderation, sodium restriction, and increased consumption of fruits and vegetables.[@b1-tcrm-14-1185] In addition, for patients with any grade of hypertension at very high risk, including those with AMI, a drug treatment should be started early to lower blood pressure (BP) to \<140/90 mmHg, or to \<130/80 mmHg in case of diabetes or chronic kidney disease.[@b2-tcrm-14-1185] All antihypertensive drugs are similarly effective to control BP, but a combination of several molecules is often required to achieve the BP target.[@b1-tcrm-14-1185] The antihypertensive effects may be enhanced when two complementary drugs are administrated: a combination may counteract the regulatory mechanisms triggered whenever pharmacological intervention on BP lowering is initiated.[@b3-tcrm-14-1185] Indeed, it has been demonstrated that the combination of a renin--angiotensin system blocker and low dose of diuretic can counteract the renin rise; the efficacy of combination in terms of BP control is increased compared to monotherapy, without diminishing tolerability.[@b3-tcrm-14-1185] In pivotal clinical trials, the use of angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) initiated early after AMI has been widely established to prevent ventricular remodeling, decrease the risk of heart failure, and improve overall survival.[@b4-tcrm-14-1185] The American College of Cardiology/American Heart Association strongly recommends that an ACEI or ARB should be started and continued indefinitely in all patients recovering from an acute coronary syndrome with left ventricular ejection fraction (LVEF) ≤40% and for those with hypertension, diabetes mellitus, or chronic kidney disease (class 1, level A).[@b5-tcrm-14-1185] The same guidelines recommend that ACEI may be combined with beta-blockers, aspirin, and diuretics if required and if the patient is hemodynamically stable (class 1, level C). Among ACEIs, zofenopril has been extensively tested in post-AMI setting in the Survival of Myocardial Infarction Long-Term Evaluation (SMILE) program where it has showed prognostic advantages in reducing the incidence of major CV events at 1 year, compared to ramipril, lisinopril, or placebo.[@b6-tcrm-14-1185]--[@b9-tcrm-14-1185] Zofenopril may be combined with hydrochlorothiazide, a short-acting thiazide diuretic (TD) that reduces the reab-sorption of electrolytes from the renal tubules, to lower BP in patients with uncontrolled hypertension,[@b10-tcrm-14-1185],[@b11-tcrm-14-1185] diabetes,[@b12-tcrm-14-1185] and metabolic syndrome.[@b13-tcrm-14-1185] In these settings, fixed-dose combination of zofenopril and hydrochlorothiazide has showed a favorable profile in terms of efficacy and safety. Data on the effects of zofenopril and TD combination in post-AMI management are lacking. This post hoc analysis on individual patient data from the four SMILE studies evaluates whether a concomitant treatment with TD may affect the efficacy of zofenopril in preventing the 1-year CV risk, compared with placebo or other ACEIs.

Methods
=======

Study design and population
---------------------------

This post hoc analysis was carried out on the pooled Individual Patient Data of the SMILE Database. Briefly, the SMILE program comprised four double-blind, randomized, parallel-group clinical trials that analyzed the efficacy and safety of zofenopril compared to placebo (SMILE-1 and 3),[@b6-tcrm-14-1185],[@b8-tcrm-14-1185] lisinopril (SMILE-2),[@b7-tcrm-14-1185] or ramipril (SMILE-4)[@b9-tcrm-14-1185] in post-AMI phase. Main inclusion criteria were as follows: 1) AMI diagnosis within \<24 hours, not eligible for thrombolytic therapy (SMILE-1);[@b6-tcrm-14-1185] 2) AMI diagnosis and a prior thrombolytic treatment within 12 hours from onset of AMI clinical symptoms (SMILE-2);[@b7-tcrm-14-1185] 3) prior AMI within 6±1 weeks with LVEF \>40%, treated with thrombolytic therapy and ACE-inhibitors (SMILE-3);[@b8-tcrm-14-1185] and 4) AMI within \<24 hours, with or without thrombolysis, with primary percutaneous transluminal angioplasty or coronary artery bypass graft, and clinical and/or echocardiographic evidence of left ventricular dysfunction (SMILE-4).[@b9-tcrm-14-1185] Refer to the original study for details on study design and inclusion and exclusion criteria.

All studies were conducted in accordance with the Guidelines for Good Clinical Practice and the Declaration of Helsinki and were approved by the Institutional Review Board of the University of Bologna (study coordinator) as well as by the local ethics committees when required (a list of centers may be found in the original study publications).[@b6-tcrm-14-1185]--[@b9-tcrm-14-1185] Written informed consent was obtained from each patient before enrolment.

Eligible patients were randomized in two groups to receive zofenopril or comparator, in addition to standard recommended therapy for AMI. Zofenopril dosing was 7.5 mg twice daily on day 1 and 2, 15 mg twice daily on day 3 and 4, and 30 mg twice daily from day 5 onward. Lisinopril and ramipril were uptitrated up to 10 mg once daily and to 5 mg twice daily, respectively.

Statistical analysis
--------------------

The primary study endpoint of this retrospective analysis was the 1-year combined occurrence of death or hospitalization for CV causes in patients who were treated with a combination including thiazides and in those who did not receive any diuretics. All randomized patients treated with at least one dose of study medication and documenting at least once the measure of primary efficacy assessment, even in case of protocol violation or premature withdrawal from the study were included in the analysis. Patients who were treated with any diuretics different from thiazides were excluded from the analysis. The efficacy end point was calculated after weighing for the number of subjects contributing from each study.

Due to different duration across studies, the relative risk of the composite endpoint was estimated using a time-dependent Cox proportional-hazard regression model. Hazard ratios (HRs) and 95% CI were calculated, and survival curves were modeled. The absolute occurrence of events was compared by a logistic regression analysis and adjusted for sex, age (≥65 years), and metabolic syndrome. A patient had the metabolic syndrome when at least 3 out of the following 5 risk factors were present: 1) elevated waist circumference (≥102 cm males and ≥88 females); 2) elevated triglycerides (≥150 mg/dL) or under specific lipid-lowering pharmacological treatment; 3) reduced HDL cholesterol (\<40 mg/dL in males and \<50 mg/dL in females) or under specific lipid-lowering pharmacological treatment; 4) elevated office BP (systolic ≥130 mmHg and/or diastolic ≥85 mmHg) or under antihypertensive drug treatment; and 5) elevated fasting glucose (≥100 mg/dL) or treated with antidiabetic drugs.[@b14-tcrm-14-1185] Data on waist circumference were not available; therefore, central obesity was defined as BMI ≥25 kg/m^2^.

BP changes from baseline to the end of study were compared in a general linear model analysis that included treatment and metabolic syndrome as factors, and age and baseline BP as covariates. Categorical variables were compared using chi-squared test, while continuous variables were compared using Student's *t*-test. All *p*-values were 2 sided, and statistical significance was set at *p*\<0.05. Data are shown as mean±SD or as mean and 95% CI or as absolute (n) and relative (%) frequencies.

Results
=======

Patient characteristics
-----------------------

Among 2,995 patients included in the analysis, hereafter defined as "overall population", 833 (27.8%) were treated with placebo, 1,479 (49.4%) with zofenopril, and 683 (22.8%) with other ACEIs. Concomitantly, 263 (8.8%) patients received a combination including thiazides (TD+) and 2,732 (91.2%) were not treated with any diuretics (TD−). The mean follow-up was similar in the two groups (TD+ 7.1 vs TD− 7.4 months, *p*=0.268).

Baseline characteristics are summarized in [Table 1](#t1-tcrm-14-1185){ref-type="table"}. TD+ patients were older (65.7±9.5 vs 60.9±10.7 years; *p*\<0.001), more frequently women (36.1 vs 23.0%; *p*\<0.001), with higher systolic BP (139.9±24.1 vs 136.2±21.1 mmHg; *p*=0.006) and diastolic BP (84.5±12.7 vs 82.6±12.3 mmHg; *p*=0.015) and heart rate (84.1±18.7 vs 78.9±15.5 bpm; *p*\<0.001). Except for BP, these differences were maintained as significant after stratifying the population per treatment.

Cardiovascular outcomes
-----------------------

In the overall population, the proportion of patients who died or were hospitalized at least once for CV causes during the study period was similar between TD+ (18.3%) and TD− patients (16.8%); concomitant treatment with thiazides did not affect the 1-year risk for combined occurrence of CV events (HR 1.04; CI 95% 0.74, 1.45; *p*=0.838, logistic regression analysis). Consistently, when the overall population was stratified per treatment, the prevalence of major CV events with or without TD was even similar.

As shown in [Figure 1](#f1-tcrm-14-1185){ref-type="fig"}, no difference was observed in the prevalence of major CV events between TD+ and TD− patients treated with zofenopril (13.8% vs 13.9%; *p*=0.522) or the other two ACEIs (14.3% vs 21.4%; *p*=0.228), whereas in placebo-treated patients a larger prevalence of events was observed in patients treated with a diuretic (TD+: 28.6% vs TD−: 18.3%), although the difference did not achieve the statistical significance (*p*=0.100). In the logistic regression analysis accounting for concomitant TD treatment, the 1-year risk of CV events was significantly lower with zofenopril than with placebo (HR 0.70; 95% CI 0.55--0.88; *p*=0.002) and other ACEIs (HR 0.58; 95% CI 0.46--0.74; *p*=0.0001).

Among patients who received any ACEIs, the combination of zofenopril plus TD significantly decreased the 1-year risk of major CV events by 42% compared to other ACEIs combined with TD ([Figure 2](#f2-tcrm-14-1185){ref-type="fig"}).

Effect on blood pressure
------------------------

Average office systolic and diastolic BP changes from baseline to the end of study are shown in [Figure 3](#f3-tcrm-14-1185){ref-type="fig"}. Regardless of ACEIs used, BP reduction was slightly but significantly greater with concomitant TD (*p*=0.0001 for systolic BP and *p*=0.045 for diastolic BP).

Discussion
==========

This post hoc analysis of the SMILE studies evaluated whether concomitant administration of TDs may interfere with zofenopril efficacy in post-AMI setting. The results showed that thiazides did not affect the 1-year risk of CV events in patients treated with either zofenopril or other ACEIs; the zofenopril superiority in preventing CV risk compared to other ACEIs was also confirmed, regardless the concomitant use of diuretics. However, the combination with thiazides was more effective in lowering BP, thus suggesting that the protective properties of zofenopril were beyond its antihypertensive effect. Ancillary characteristics of ACEIs may explain these results. Angiotensin-converting enzyme regulates the balance between the vasoconstrictive and salt-retentive renin--angiotensin system and the vasodilatory and natriuretic kallikrein--kinin one.[@b15-tcrm-14-1185] Therefore, in addition to their initial use as antihypertensive drugs, ACEIs have became a fundamental treatment for congestive heart failure, left ventricular dysfunction after AMI, and diabetic and nondiabetic nephropathies.[@b16-tcrm-14-1185] Sulfhydryl-containing ACEIs, such as zofenopril, can act as antioxidants by scavenging superoxide anion as well as non-superoxide radicals.[@b17-tcrm-14-1185],[@b18-tcrm-14-1185] In animal models of NO deficiency-induced hypertension, the combination zofenopril plus hydrochlorothiazide has been more efficient to reduce glomerular and tubular alterations than enalapril plus diuretic; the protective effect has been associated to an increased eNOS expression and an oxidative stress decrease.[@b19-tcrm-14-1185] The relationship among zofenopril, NOS activation, and oxidative stress has been further confirmed in essential hypertensive patients, thus suggesting a possible role in delaying vascular dysfunction and atherosclerosis.[@b20-tcrm-14-1185] In addition, long-term treatment with zofenopril has slowed the progression of intima-media thickness of carotid arteries in newly diagnosed mildly hypertensive patients, compared to enalapril.[@b21-tcrm-14-1185] The antioxidant activity of zofenopril has been associated to both the presence of a sulfhydryl group and its high lipophilicity, which guarantees more pronounced intracellular effects.[@b16-tcrm-14-1185],[@b22-tcrm-14-1185] Furthermore, high lipophilicity favors tissue accumulation of zofenopril when it is concomitantly administered with hydrochlorothiazide, thus further prolonging its antihypertensive action.[@b23-tcrm-14-1185] In this retrospective analysis, patients who received a TD had higher BP and heart rate. Therefore, even if zofenopril has been resulted as more efficient without TD, major improvement in hypertension may be beneficial in patients difficult to manage. The combination of hydrochlorothiazide and zofenopril has demonstrated high efficacy in several settings to control BP.[@b11-tcrm-14-1185],[@b12-tcrm-14-1185],[@b24-tcrm-14-1185] In patients with metabolic syndrome, the fixed combination of zofenopril plus hydrochlorothiazide has been more efficient than zofenopril alone in reducing BP, thus providing a valuable therapeutic option for these patients who are at a greater risk for CV events.[@b13-tcrm-14-1185] Similar outcomes have been reported in patients with essential hypertension and high risk of CV diseases, where a combined treatment with zofenopril and hydrochlorothiazide has been associated with greater BP decrease than monotherapy with zofenopril. The between-treatment difference has been proportionally greater in patients at higher risk, thus indicating that they may have more benefits from the combined treatment.[@b24-tcrm-14-1185] In elderly patients (older than 65 years) with isolated systolic hypertension untreated or uncontrolled by previous monotherapy, daytime systolic BP has been normalized with zofenopril and hydrochlorothiazide within 18 months, without reporting significant drug-related adverse events.[@b25-tcrm-14-1185]

The study has some limitations. First, it has been designed as a post hoc analysis. The population size of thiazide group is limited compared to overall population and other antihypertensive treatments, except diuretics, were administered. This may represent a confounding factor that may lead to misinterpretation of results. Furthermore, baseline characteristics were not completely homogeneous, and the higher BP values at entry in the thiazide group may have interfered with the clinical outcomes at 1 year. There are two important points that deserve to be discussed as potential study confounders. A marginally (non-significantly) larger prevalence of CV events was observed in the placebo group treated with TD compared to those patients of the same group not treated with TD. The discrepancy may be due to the fact that patients in the placebo group were treated with standard CV drugs with the exclusion of ACEI. There might have been an unbalance in the type and intensity of treatment between the two TD+/TD− groups treated with placebo. Another point regards the fact that we only looked at TDs, which might not be the ideal diuretic to be used in post-AMI. However, the combination of zofenopril and a TD is a common recommended treatment for patients with hypertension or CV disease and we were interested to check for the efficacy of such a combination.

Conclusion
==========

In post-AMI patients, zofenopril confirmed its efficacy in preventing CV events at 1 year, regardless the concomitant treatment with thiazides. TDs could be useful to manage uncontrolled hypertensive patients and, in any cases, did not interfere with the beneficial effect of zofenopril after AMI. Further prospective studies should be advisable to identify patients who could have major benefits from the combination of zofenopril and TD.
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![One-year incidence of CV morbidity and mortality in TD+ and TD− patients treated with placebo, zofenopril, or other ACEIs. *p*-values refer to between-group comparison (logistic regression analysis).\
**Abbreviations:** CV, cardiovascular; TD, thiazide diuretic; ACE, angiotensin-converting enzyme; TD+, taking TD; TD−, not taking TD.](tcrm-14-1185Fig1){#f1-tcrm-14-1185}

![Cumulative survival without events during 1-year of follow-up in TD+ patients treated with zofenopril (n=130) or other ACEIs (n=56). *p*-values are from the Cox regression analysis.\
**Abbreviations:** TD, thiazide diuretic; CV, cardiovascular; ACEIs, angiotensin-converting enzyme inhibitors; TD+, taking TD.](tcrm-14-1185Fig2){#f2-tcrm-14-1185}

![Average blood pressure changes (±SE) in TD+ and TD− patients treated with zofenopril or other ACE-inhibitors.\
**Abbreviations:** TD, thiazide diuretic; ACE, angiotensin-converting enzyme; SBP, systolic blood pressure; DBP, diastolic blood pressure; TD+, taking TD; TD−, not taking TD.](tcrm-14-1185Fig3){#f3-tcrm-14-1185}

###### 

Demographic and clinical characteristics in patients grouped per randomization group (placebo, zofenopril, or other ACEIs) and whether they were taking (+) or not taking (−) TD

                                  Placebo      Zofenopril   Other ACEIs                                                                     
  ------------------------------- ------------ ------------ ------------- ------------ -------------- --------- ------------- ------------- ---------
  Age (years)                     67.3±8.8     62.6±10.6    \<0.001       66.1±9.0     60.8±10.8      \<0.001   62.4±10.8     59.3±10.4     0.034
  Male sex (n, %)                 50 (64.9)    577 (76.3)   0.028         92 (70.8)    1,030 (76.3)   0.156     26 (46.4)     495 (79.0)    \<0.001
  Female sex (n, %)               27 (35.1)    179 (23.7)                 38 (29.2)    319 (23.7)               30 (53.6)     132 (21.0)    
  BMI (kg/m^2^)                   27.0±4.0     26.2±3.4     0.077         26.7±4.2     27.0±3.8       0.370     28.9±5.0      27.4±3.9      0.007
  Blood glucose (mg/dL)           156.4±81.9   134.0±67.7   0.006         155.0±76.8   137.6±61.3     0.002     151.6±71.8    140.5±62.3    0.206
  Serum HDL cholesterol (mg/dL)   44.9±12.6    43.9±12.0    0.522         42.9±14.3    45.2±14.4      0.124     45.8±15.0     46.0±16.5     0.936
  Serum triglycerides (mg/dL)     144.8±82.3   147.1±73.5   0.803         144.0±91.2   156.5±107.8    0.216     166.7±127.5   155.5±101.7   0.437
  SBP (mmHg)                      137.0±24.5   134.8±19.0   0.344         139.7±22.2   136.6±21.2     0.120     144.6±27.4    136.7±22.8    0.014
  DBP (mmHg)                      83.4±12.3    82.8±11.1    0.675         84.9±11.7    82.8±12.6      0.067     85.1±15.4     81.8±12.8     0.072
  Heart rate (bpm)                83.8±18.8    78.8±15.2    0.008         84.3±18.2    79.3±15.6      0.001     84.0±19.9     78.0±15.6     0.007
  Metabolic syndrome              44 (57.1)    430 (56.9)   0.966         89 (68.5)    874 (64.8)     0.403     45 (80.4)     405 (64.6)    0.016

**Notes:** Data are shown as absolute (n) and relative (%) frequencies for categorical variables and as mean (±SD) for continuous variables. *p*-values refer to the statistical significance of the difference between TD+ and TD− within each treatment group.

**Abbreviations:** ACEIs, angiotensin-converting enzyme inhibitors; TD, thiazide diuretic; TD+, taking TD; TD−, not taking TD; BMI, body mass index; HDL, high density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.
